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EXHAUST GAS PURIFICATION APPARATUS OF ENGINE 
This application is a continuation of PCT/JP2004/0 12742, filed on September 
2, 2004. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an exhaust gas purification apparatus that 
uses a reducing agent to remove by reduction nitrogen oxide (NOx) discharged from 
an engine such as a diesel engine, a gasoline engine, or the like, mounted on a 
mobile vehicle. In particular, it relates to an engine exhaust gas purification 
apparatus that prevents clogging of an injection nozzle for supplying by injection a 
reducing agent to an exhaust gas flow at an upstream side of a reducing catalyst, to 
improve the efficiency of NOx purification processing. 

2. Description of the Related Art 

As a system which purifies exhaust gas by removing particularly NOx from 
among particulate matters (PM) in exhaust gas discharged from an engine, several 
exhaust gas purification apparatus have been proposed. In these exhaust gas 
purification apparatus, a reduction catalyst is placed in the exhaust system of the 
engine, and a reducing agent is injection-supplied into an exhaust gas passage on 
the upstream side of the reduction catalyst, to thereby catalytically reduction react 
the NOx in the exhaust gas with the reducing agent, and thus purification process is 
applied to convert the NOx into harmless constituents. The reducing agent is stored 
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in a liquid state at room temperature in a reservoir tank, and a necessary amount 
thereof is injection-supplied from an injection nozzle. The reduction reaction uses 
ammonia which has excellent reactivity with NOx, and an aqueous solution of 
reducing agent such as a urea aqueous solution, ammonia aqueous solution or the 
like that is hydrolyzed to produce ammonia easily is used as the reducing agent 
(refer for example to Japanese Unexamined Patent Publication No. 2000-27627 
and Japanese Unexamined Patent Publication No. 2001-173431). 

In such an exhaust gas purification apparatus, as shown in FIG. 6, an 
injection nozzle 2 is arranged substantially parallel with a direction A of the exhaust 
gas flow inside an exhaust pipe 1 of an exhaust system so as to face the 
downstream side, and a reducing agent such as a urea aqueous solution is ejected 
from the injection nozzle 2 substantially orthogonal with respect to the exhaust gas 
flow direction A as indicated by arrows B and C. Moreover, as shown in FIG. 7, in 
the vicinity of an end portion of the injection nozzle 2 on the exhaust gas 
downstream side, injection holes 3 are drilled outward from the central axis and 
substantially orthogonal thereto, inside a thick portion of a nozzle main body. 

However in the aforementioned conventional exhaust gas purification 
apparatus, since as shown in FIG. 7, the injection holes 3 of the injection nozzle 2 
are drilled inside the thick portion of the nozzle main body, and the injection holes 3 
open directly to the outer peripheral surface of the nozzle main body, when injection 
of the urea aqueous solution from the injection nozzle 2 stops, then as shown in FIG. 
8A, in some cases a urea aqueous solution 4 becomes attached to the injection 
holes 3 and remains in the vicinity thereof, on the outer peripheral surface of the 
nozzle main body. Moreover, as shown in FIG. 8B, since chamfers 5 tilted inward 
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are formed on the inner peripheral edge where the injection holes 3 open on the 
outer peripheral surface of the nozzle main body, it is possible that the urea aqueous 
solution 4 remaining on the outer peripheral surface of the nozzle main body enters 
into the injection holes 3 along the inclination of the chamfers 5, and dries out and 
solidifies inside the injection holes 3. In such cases, the injection holes 3 of the 
nozzle 2 become clogged so that sufficient reducing agent cannot be supplied into 
the exhaust gas passage on the upstream side of the reduction catalyst, which 
results in a decrease in the efficiency of purification processing of the NOx into 
harmless constituents. 

Furthermore, since as shown in FIG. 7, the injection holes 3 are provided by 
drilling, so that these holes 3 are directed outward from the central axis of the nozzle 
main body and substantially orthogonal thereto, and so that the urea aqueous 
solution is ejected from the injection nozzle 2 in the directions indicated by the 
arrows B and C (see Fig. 6) substantially orthogonal to the exhaust gas flow 
direction A. As a result, the urea aqueous solution is unlikely to follow the exhaust 
gas flow. Particularly where the exhaust gas amount is small, it is possible that the 
urea aqueous solution 4 ejected from the injection holes 3 in FIG. 6, becomes 
attached to the internal surface of the exhaust pipe 1 and urea is deposited, and the 
urea aqueous solution 4 decreases by the amount of urea deposited, so that the 
mixing proportion of the urea aqueous solution 4 and the exhaust gas decreases, 
resulting in a decrease in the efficiency of the NOx purification processing in some 
cases. 

SUMMARY OF THE INVENTION 
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Therefore, the present invention addresses such problems, with an object of 
providing an engine exhaust gas purification apparatus in which clogging in an 
injection nozzle, which supplies a reducing agent to an exhaust gas flow on an 
upstream side of a reduction catalyst is prevented, and the mixing proportion of the 
reducing agent and the exhaust gas is improved, and the efficiency of NOx 
purification processing is improved. 

In accordance with the invention as claimed in claim 1, there is provided an 
exhaust gas purification apparatus of an engine which comprises a reduction 
catalyst, which is arranged in an exhaust system of an engine, for reducing and 
purifying nitrogen oxide in an exhaust gas using a reducing agent; and a reducing 
agent supply device having a tip end portion of an injection nozzle which extends 
towards a downstream side in an exhaust gas passage of the exhaust system, 
substantially in parallel with an exhaust gas flow direction, for supplying the reducing 
agent to an exhaust gas flow on an upstream side of the reduction catalyst; wherein 
on an exhaust gas downstream side end portion of a tip end portion of the injection 
nozzle, an exhaust gas downstream side end surface is blocked, and a ring shaped 
protruding ridge is provided on an outer peripheral surface, and an injection hole is 
provided in the protruding ridge portion for injecting the reducing agent in an outward 
direction from an axial center of the injection nozzle. 

According to such a construction, the end face of the exhaust gas 
downstream side end portion of the tip end portion of the injection nozzle extending 
substantially in parallel with the exhaust gas flow direction towards the downstream 
side in the exhaust gas passage of the exhaust system is blocked, and the injection 
hole provided in the ring shaped protruding ridge portion provided on the outer 
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peripheral surface thereof, ejects the reducing agent in an outward direction from an 
axial center of the injection nozzle. As a result, the reducing agent is ejected on the 
exhaust gas upstream side of the reduction catalyst. 

In accordance with the invention according to claim 2, there is provided a 
plurality of the injection holes, which are drilled in a radial pattern in an outward 
direction from the axial center of the tip end portion of the injection nozzle. As a 
result, the injection holes substantially evenly eject the reducing agent into all 
regions inside the exhaust gas passage of the exhaust system. 

In accordance with the invention according to claim 3, the afore-mentioned 
injection hole is drilled diagonally in a direction tilted towards the downstream side 
with respect to the exhaust gas flow direction. As a result, the injection hole ejects 
the reducing agent in a diagonal direction on the downstream side. 

In accordance with the invention according to claim 4, the afore-mentioned 
ring shaped protruding ridge is formed in a shape that is tapered towards an outer 
peripheral surface. As a result, a flat surface portion in the vicinity of the injection 
hole provided on the ring shaped protruding ridge portion is narrowed, so that when 
ejection from the injection nozzle stops, the reducing agent does not become 
attached to or deposited on the narrow region around the injection hole or holes and 
does not remain there, or the amount of the remaining reducing agent becomes 
smaller. 

According to the configuration of the invention according to claim 1, a 
reducing agent can be ejected in an outward direction from the axial center of an 
injection nozzle, from injection holes provided in a ring shaped protruding ridge 
portion provided on the outer peripheral surface of the exhaust gas downstream side 
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end portion of the tip end portion of the injection nozzle, and the reducing agent can 
be ejected on the exhaust gas upstream side of the reduction catalyst. In this case, 
since the injection holes are formed in the ring shaped protruding ridge portion 
provided on the outer peripheral surface of the tip end portion of the injection nozzle, 
and do not directly open on a wide outer peripheral surface of the injection nozzle, 
then when injection stops the reducing agent does not become attached to or does 
not remain in the narrow region around the injection holes, or even if it becomes 
attached, the amount is small corresponding to the narrow region. Consequently, 
the reducing agent does not enter into the injection holes of the injection nozzle, so 
that clogging can be prevented. Therefore, the efficiency of NOx purification 
processing can be improved. 

Furthermore, according to the configuration of the invention according to 
claim 2, the reducing agent can be substantially evenly ejected into all regions inside 
the exhaust gas passage of the exhaust system, from the plurality of injection holes 
drilled in the tip end portion of the injection nozzle in a radial pattern directed 
outward from the axial center. Consequently, a mixing proportion of the reducing 
agent and the exhaust gas can be improved. Therefore, the efficiency of NOx 
purification processing can be improved. 

Furthermore, according to the configuration of the invention according to 
claim 3, the reducing agent can be ejected in a diagonal direction on the 
downstream side, from the injection holes drilled inclined in a diagonal direction 
towards the downstream side with respect to the exhaust gas flow direction. At this 
time, the reducing agent ejected in a diagonal direction flows along the exhaust gas 
flow, preventing the reducing agent from becoming attached to the internal surface 
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of the exhaust gas passage, and even in the case where the amount of exhaust gas 
is small, the reducing agent and exhaust gas are brought in good contact, and the 
mixing proportion thereof can be improved. Therefore, the efficiency of NOx 
purification processing can be improved. 

Moreover, according to the configuration of the invention according to claim 4, 
due to the ring shaped protruding ridge formed in a shape that is tapered towards 
the outer peripheral surface, the flat surface portion in the vicinity of the injection 
holes are narrowed, and the reducing agent does not become attached to or does 
not remain in the narrowed region around the injection holes when injection from the 
injection nozzle stops, or the remaining amount thereof becomes small. Accordingly, 
clogging in the injection holes of the injection nozzle can be better prevented. 
Therefore, the efficiency of NOx purification processing can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conceptual diagrammatic view illustrating an embodiment of an 
engine exhaust gas purification apparatus according to the present invention; 

FIG. 2 is an explanatory diagrammatic view illustrating an injection nozzle 
applicable to the exhaust gas purification apparatus of the present invention; 

FIGs. 3A through 3C are enlarged explanatory diagrammatic views illustrating 
a nozzle tip end portion of an injection nozzle, respectively, in which FIG. 3A is a 
front view, FIG. 3B is a sectional view taken along a line F-F, and FIG. 3C is a right 
side view of FIG. 3A; 



8 



FIG. 4 is an explanatory diagrammatic view illustrating another embodiment 
of an injection nozzle applicable to the exhaust gas purification apparatus according 
to the present invention; 

FIGs. 5A through 5C are enlarged explanatory diagrammatic views illustrating 
a nozzle tip end portion of an injection nozzle, respectively, in which FIG. 5A is a 
front view, FIG. 5B is a sectional view taken along a line G-G, and FIG. 5C is a right 
side view of FIG. 5A; 

FIG. 6 is an explanatory diagrammatic view illustrating an injection nozzle 
applicable to a conventional exhaust gas purification apparatus; 

FIG. 7 is an enlarged sectional view illustratng injection holes drilled in a 
nozzle main body tip end portion of the conventional injection nozzle; and 

FIGs. 8A and 8B are enlarged explanatory diagrammatic views illustrating the 
nozzle main body tip end portion of a conventional injection nozzle, respectively, in 
which FIG. 8A is a plan view showing a state in which a urea aqueous solution is 
attached to and remains on an outer peripheral surface of the nozzle main body tip 
end portion, and FIG. 8B is an enlarged sectional view of FIG. 8A taken along a line 
H-H. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereunder is a detailed description of an embodiment of the present invention, 
based on the appended drawings. FIGURE 1 is a conceptual diagrammatic view 
that shows an embodiment of an engine exhaust gas purification apparatus 
according to the present invention. This exhaust gas purification apparatus uses a 
reducing agent to reduce and remove NOx discharged from a diesel engine, a 
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gasoline engine, or the like, mounted on a mobile vehicle. Exhaust gas of an engine 
10, which uses gasoline or diesel oil as a fuel, is discharged from an exhaust gas 
manifold 1 1 into the atmosphere via an exhaust pipe 13 in which a NOx reduction 
catalyst 12 is arranged. More specifically, the exhaust system is of a construction in 
which three catalysts, namely a nitrogen monoxide (NO) oxidation catalyst, a NOx 
reduction catalyst, and an ammonia slip oxidation catalyst, are arranged in this order 
from the exhaust gas upstream side, in the exhaust pipe 13 serving as an exhaust 
gas passage, and a temperature sensor, an oxygen sensor, and so forth, are 
arranged before and after the catalysts. However, the detailed construction of the 
exhaust system is not shown in the diagram. 

The NOx reduction catalyst 12 is for reducing and purifying NOx in the 
exhaust gas passing through the exhaust pipe 13, using a reducing agent, and has 
for example a zeolite type active ingredient supported on a monolithic type catalyst 
carrier having a honeycomb shaped cross-section made from either a ceramic 
cordilite, or an Fe-Cr-AI system heat-resistant steel. Moreover, the active ingredient 
supported on the catalyst carrier receives a supply of a reducing agent and is 
activated and effectively purifies the NOx into a harmless substance. 

An injection nozzle 14 is provided on the inside of the exhaust pipe 13 on the 
upstream side of the NOx reduction catalyst 12, and a reducing agent together with 
pressurized air are injection-supplied from a reducing agent supply device 15 
through the injection nozzle 14. Here, the injection nozzle 14 is arranged 
substantially in parallel with an exhaust gas flow direction A inside the exhaust pipe 
13, facing the downstream side. Moreover, the reducing agent which is stored in a 
reservoir tank 16, is supplied to the reducing agent supply device 15 through a 
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supply pipe 17. Thus, the injection nozzle 14 and the reducing agent supply device 
15 constitute a reducing agent supplier or supply system that supplies the reducing 
agent to the exhaust gas flow on an upstream side of the NOx reduction catalyst 12. 

In this embodiment, a urea aqueous solution is used as the reducing agent to 
be injection-supplied by the injection nozzle 14. Alternatively, an ammonia aqueous 
solution may be used. Moreover, the urea aqueous solution injection-supplied by 
the injection nozzle 14 is hydrolyzed by the exhaust heat inside the exhaust pipe 13 
and readily generates ammonia. The obtained ammonia reacts with NOx in the 
exhaust gas in the NOx reduction catalyst 12, and purifies the NOx into aqueous and 
harmless gas. The urea aqueous solution is an aqueous solution of a solid or flour 
state urea, and is stored in the reservoir tank 16. It is supplied to the reducing agent 
supply device 15 through the supply pipe 17. 

Here in the present invention, as shown in FIG. 2, the injection nozzle 14 has 
a nozzle tip end portion 18 extending substantially in parallel with the exhaust gas 
flow direction A towards the downstream side, and this nozzle tip end portion 18 is 
constructed as best shown in FIGs. 3A through 3C. That is to say, in FIGs. 3A 
through 3C, on the nozzle tip end portion 18 as shown in FIG. 3A, a ring shaped 
protruding ridge 1 9 is provided on an outer peripheral surface of an exhaust gas 
downstream side end portion (right side end portion in the diagram), and as shown 
in FIG. 3B, injection holes 20 which eject a urea aqueous solution in an outward 
direction from the axial center of the injection nozzle 14, are provided in the 
protruding ridge portion 19. In this embodiment, the injection holes 20 having 
diameters approximately 0.5 mm for example, are drilled outwards from the axial 
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center of the injection nozzle 14 and substantially orthogonal thereto. In the nozzle 
tip end portion 18, an exhaust gas downstream side end surface is blocked. 

Furthermore, as shown in FIG. 3C, the injection holes 20 are drilled in a 
plurality of positions in a radial pattern facing outwards from the axial center of the 
nozzle tip end portion 18. For example, eight holes are drilled radially in positions 
which divide the ring shaped protruding ridge portion 19 into eight equal parts 
around the circumferential direction. Such a nozzle tip end portion 18 allows the 
urea aqueous solution to be substantially evenly ejected into all regions inside the 
exhaust pipe 13. The number of the injection holes 20 is not limited to eight, and 
may be an appropriate number according to the specification. 

Moreover, as shown in FIGs. 3A and 3B, the ring shaped protruding ridge 19 
is formed in a shape tapered towards the outer peripheral surface. That is to say, 
inclined chamfers 19a and 19b are formed on the outer peripheral surface of the 
protruding ridge 19 around the circumferential direction on the corner portions on the 
upstream side and downstream side of the exhaust gas flow direction A. As a result, 
the flat surface portion in the vicinity of the injection holes 20 is made narrow, so that 
when ejection from the injection nozzle 14 stops, the urea aqueous solution does not 
become attached to the narrow region around the injection holes 20 and does not 
remain there, or the remaining amount thereof can be small. The tapered shape of 
the ring shaped protruding ridge 19 is not limited to having the chamfers 19a and 
19b, and the corners on the upstream side and downstream side of the exhaust gas 
flow direction A may be formed as substantially quarter arc curved surfaces, 
respectively. Moreover, the nozzle tip end portion 18 is attached to the nozzle main 
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body shown in FIG. 2 by an insertion fit, such as a snag fit or tight fit, by screwing in, 
or by welding. 

Next is a description of the operation of the exhaust gas purification 
apparatus constructed in this manner. First in FIG. 1, the exhaust gas produced by 
and emitted from the engine 10 during the operation thereof travels from the exhaust 
gas manifold 1 1 through the exhaust pipe 13, and then passes through the NOx 
reduction catalyst 12 arranged part way along inside of the exhaust pipe 13, and is 
discharged into the atmosphere from an end portion outlet of the exhaust pipe 13. 
At this time, a urea aqueous solution is injected inside the exhaust pipe 13 from the 
injection nozzle 14 arranged on the exhaust gas upstream side of the NOx reduction 
catalyst 12. The urea aqueous solution is supplied from the urea aqueous solution 
reservoir tank 16 to the reducing agent supply device 15 through the supply pipe 17, 
and by the operation of the reducing agent supply device 15, pressurized air 
together with the urea aqueous solution is supplied to the injection nozzle 14. 

The urea aqueous solution and the pressurized air supplied to the injection 
nozzle 14 by the reducing agent supply device 15 reach the nozzle tip end portion 
18 as shown in FIG. 2, and since as shown in FIG. 3B, the exhaust gas downstream 
side end surface of the nozzle tip end portion 18 is blocked, they are injection- 
supplied from the injection holes 20 drilled in a radial pattern as shown in FIG. 3C, to 
the periphery thereof in a direction substantially orthogonal to the exhaust gas flow 
direction A as indicated by arrows B and C in FIG. 2. At this time, the urea aqueous 
solution that has been injection-supplied by the injection nozzle 14 is substantially 
evenly injected into all regions inside the exhaust pipe 13, and is well mixed with the 
exhaust gas, and it is hydrolyzed by the exhaust heat inside the exhaust pipe 13 and 
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readily produces ammonia. The obtained ammonia reacts with NOx in the exhaust 
gas in the NOx reduction catalyst 12, and purifies the NOx into aqueous and 
harmless gas. 

Next, in order to stop the injection of the urea aqueous solution from the 
injection nozzle 14 when the engine 10 stops, the reducing agent supply device 15 is 
operated to at first shut off the urea aqueous solution supply from the reservoir tank 
16, and to then only supply pressurized air to the injection nozzle 14 for a while. As 
a result, the urea aqueous solution is pushed out from the nozzle main body of the 
injection nozzle 14, the nozzle tip end portion 18, and the injection holes 20, and 
injection of the urea aqueous solution stops. At this time, the injection holes 20 are 
formed on the ring shaped protruding ridge portion 19 provided on the outer 
peripheral surface of the injection nozzle 14, and they do not directly open on a wide 
peripheral surface of the injection nozzle 14. Furthermore, the flat surface portion in 
the vicinity of the injection holes 20 is made narrow, so that when injection stops, the 
urea aqueous solution does not become attached to the narrow region around the 
injection holes 20 and does not remain there, or the remaining amount thereof 
becomes small. As a result, clogging in the injection holes 20 of the injection nozzle 
14 can be prevented. Consequently, the efficiency of NOx purification processing 
can be improved. 

Figure 4 is an explanatory diagram showing another embodiment of the 
injection nozzle 14 applicable to the exhaust gas purification apparatus of the 
present invention. In this embodiment, the injection holes 20 of the injection nozzle 
14 are drilled diagonally in a direction tilted towards the downstream side with 
respect to the exhaust gas flow direction A. That is to say, in the nozzle tip end 
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portion 18 shown in FIGs. 5A through 5C, as shown in the FIG. 5A a ring shaped 
protruding ridge 19' is provided on the outer peripheral surface of the exhaust gas 
downstream side end portion (right side end portion in the diagram) of the injection 
nozzle 14, and as shown in FIG. 5B the protruding ridge portion 19' is provided in a 
tilted state with an appropriate angle in a diagonal direction on the downstream side 
with respect to the exhaust gas flow direction A, and the injection holes 20 are 
provided inside the protruding ridge portion 19' directed outwards from the axial 
center tilted at the same angle as the tilt angle of the protruding ridge portion 19'. In 
this embodiment, as shown in FIG. 5B t the tilt angle of the injection holes 20 is for 
example 45° with respect to the central axis, and as shown in FIG. 5C, an injection 
angle a between the two diametrally opposing injection holes 20 drilled in a plurality 
of positions in a radial pattern is 90° for example. Construction other than this is the 
same as for the embodiment shown in FIGs. 3A through 3C. 

In this case, as shown in FIG. 4, the urea aqueous solution is ejected from 
the injection holes 20 drilled as described above, in diagonal directions indicated by 
arrows D and E towards the downstream side with respect to the exhaust gas flow 
direction A. As a result, the urea aqueous solution ejected in a diagonal direction 
flows along the exhaust gas flow, preventing the urea aqueous solution from 
becoming attached to the internal surface of the exhaust gas passage 13, and even 
in the case where the amount of exhaust gas is small, the urea aqueous solution 
and the exhaust gas come in good contact, so that the mixing proportion thereof can 
be improved. 

Furthermore, in the embodiment shown in FIG. 4 and FIGs. 5A through 5C, 
another kind of nozzle tip end portion 18 in which the tilt angle of the injection holes 
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20 is changed, may be attached to the nozzle main body. For example, a nozzle tip 
end portion 18 in which the tilt angle of the injection holes 20 is 60° with respect to 
the central axis, and as shown in FIG. 5C, the injection angle a between the two 
diametrically opposing injection holes 20 drilled in a plurality of positions in a radial 
pattern is for example 120°, may be attached. This injection angle a may be an 
optional angle that prevents the urea aqueous solution injected from the injection 
nozzle 14 from contacting with a diffuser panel provided immediately before the NOx 
reducing catalyst 12 shown in FIG. 1. As a result, the direction of the urea aqueous 
solution ejected from the injection holes 20 in diagonal directions indicated by arrows 
D and E with respect to the exhaust gas flow direction A, can be appropriately 
changed and set in accordance with the specifications of the exhaust system of the 
engine. Consequently, a mix proportion of the urea aqueous solution and the 
exhaust gas can be adjusted. 

In the embodiment shown in FIG. 2 and FIG. 4, the nozzle tip end portion 18 
of the injection nozzle 14 may be integrally formed with the nozzle main body. 



